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Abstract

Chikungunya virus (CHIKV) caused significant outbreaks of illness during 2005–2007 in the Indian Ocean region. Chikungunya outbreaks have also

occurred in the Pacific region, including in Papua New Guinea in 2012; New Caledonia in April 2013; and Yap State, Federated States of Micronesia,

in August 2013. CHIKV is a threat in the Pacific, and the risk for further spread is high, given several similarities between the Pacific and Indian

Ocean chikungunya outbreaks. Island health care systems have difficulties coping with high caseloads, which highlights the need for early

multidisciplinary preparedness. The Pacific Public Health Surveillance Network has developed several strategies focusing on surveillance, case

management, vector control, laboratory confirmation, and communication. The management of this CHIKV threat will likely have broad implications

for global public health.
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Chikungunya virus (CHIKV) is an alphavirus transmitted to humans by Aedes species mosquitoes, particularly Aedes aegypti and A. albopictus (1). It

typically causes fever and severe and persistent joint pain (2). CHIKV was first recognized as a human pathogen in 1952 in Tanzania and, after several

decades of little activity, has reemerged globally during the past decade (3). Chikungunya first appeared in the Pacific region in a small outbreak in

New Caledonia in 2011 (1), but the virus is now a major threat in this reason. Outbreaks have been confirmed in Papua New Guinea (PNG) in June

2012 (4); New Caledonia in April 2013 (5); and Yap State, Federated States of Micronesia, in August 2013 (6). In this article, we give an overview of

the virus, update the recent epidemiology of CHIKV, and assess the risk for CHIKV spread in the Pacific. We draw on lessons learned from the

response efforts in the Indian Ocean, where the most devastating chikungunya epidemic so far caused havoc in a setting that is very similar to that of

the Pacific Islands (7). We propose a series of public and clinical health measures to help Pacific Island countries and territories prepare for potential

outbreaks of CHIKV infection.

Recent and Current Epidemiology of Chikungunya

Since 2000, chikungunya outbreaks have occurred in several regions of the world (3). Broadly speaking, the locations of these outbreaks appear to be

moving in an easterly direction (3). Outbreaks occurred in the Democratic Republic of Congo in 2000 (8) and in Indonesia in 2001–2003 (9). In 2004,

the virus appeared in Kenya; subsequently, a series of outbreaks occurred in the Indian Ocean during 2005–2007 (10). Affected locations included

Seychelles (≈9,000 cases) (11), Comoros Islands (including 215,000 cases on Grande Comore) (12), Madagascar (12), Reunion Island (266,000 cases

and 250 deaths) (12), Mauritius (≈6,000 cases) (11), and the Republic of the Maldives (13). During 2006–2007, outbreaks occurred in South and

Southeast Asia (14). India reported 1.4 million cases (15), Sri Lanka 37,667 cases (15), and Malaysia 200 cases (15). Cases were also reported in

Singapore in 2008 (16) and Thailand in 2008–2009 (17). The outbreaks in the Indian Ocean resulted in high attack rates, for example, 63% of the

population in Grande Comore and 35% in Reunion Island (3,14,18).

Local chikungunya transmission had not been reported in the Pacific region until February 2011, when an autochthonous transmission of CHIKV was

reported in New Caledonia (19). The first 2 cases were in persons who had recently returned from Indonesia; consistently, the virus was shown to

belong to the Asian lineage. Only 33 cases were detected in total, and the outbreak was halted through aggressive case finding and vector control (1).

In June 2012, a chikungunya outbreak started in West Sepik Province of PNG (20). In December, the PNG National Department of Health reported on

PacNet, which is the Pacific Public Health Surveillance Network (PPHSN) early warning system (21), that similar but unconfirmed cases had been

detected in Madang and East New Britain Provinces. Since then, investigations have made it apparent that CHIKV spread east through PNG (Figure 1;

Table 1) (4,22). In January 2013, confirmation of a case imported to Queensland, Australia, from PNG was reported (23). Since then, 10 more cases of

chikungunya imported from PNG to Queensland have been reported (24).

Figure 1

Chikungunya epidemic in Papua New Guinea, 2012–2013. Colors denote the time for reports or rumors of emerging clinical disease.

When such information was lacking, the date of laboratory confirmation of chikungunya virus infection determined the ...
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Table 1

Spread of chikungunya epidemic based on case reports, Papua New Guinea, 2012–2013*

At the end of April 2013, a chikungunya outbreak was confirmed in Noumea, the capital of New Caledonia (5). To date, 30 autochthonous cases have

been confirmed, dating from early February through November 2013. The putative index case originated from the Indonesia, and the CHIKV was of

the Asian lineage (data not shown).

In Yap State, an outbreak of chikungunya was reported in August 2013 (6). As of December 3, 2013, a total of 974 cases had been reported on Yap

State and 128 cases on neighboring islands. The Yap State Department of Health Services posts weekly situational reports on PacNet to update the

region. The path of introduction and the CHIKV genotype involved were not yet known at the time this article was prepared.

Risk for Further Spread of CHIKV in the Pacific

The CHIKV transmission cycle among humans can include Ae. aegypti or Ae. albopictus mosquitoes (25), both of which are widely spread in the

Pacific region (Figure 2) (26). Some local Aedes mosquito species (e.g., Ae. polynesiensis) are also considered potential vectors. CHIKV has 3

genotypes, depending on its phylogenetic origins: West African, Asian, and East Central South African (ECSA) (27). The ECSA lineage may carry a

point mutation in 1 gene of the E1 surface glycoprotein (E1:A226V), which greatly accelerates the replication cycle of the virus in the female Ae.

albopictus mosquito, possibly from 5–7 days to 2–3 days (25). The ECSA virus strain was responsible for the largest documented epidemic of

chikungunya in the Indian Ocean during 2005–2007 (28,29). CHIKV in PNG has been shown to be of the ECSA genotype and to carry this mutation

(4). This genotype and mutation have also been confirmed in 4 of the recent cases imported to Queensland, Australia, from PNG (Forensic and

Scientific Services, Department of Health, Queensland, Australia, pers. comm.). Furthermore, vector control measures in the Pacific may be hampered

by pyrethroid resistance, which has already been described in Ae. aegypti mosquitoes in New Caledonia (1,30).

Figure 2

Distribution of chikungunya vectors Aedes albopictus and Ae. aegypti mosquitos in the Pacific, 2013. Green outline indicates areas

where Ae. albopictus mosquitos are confirmed or strongly suspected. Ae. aegypti mosquitos are found in most locations except ...

Overall, the incidence of emerging diseases is increasing worldwide (31), partly because of population mobility and airline travel; >2 billion

passengers take commercial flights every year (32). As demonstrated by outbreaks in Italy in 2007 and in France in 2010, both of which originated in

India, CHIKV can spread by airline routes (33,34). Linking disease and vector distribution with air travel data is considered an important method for

risk assessment of vector-borne disease spread (32). Considering the development of the situation in PNG, New Caledonia, and Yap State, the risk that

cases of CHIKV infection will be imported to other Pacific Islands and is substantial, depending on travel patterns and numbers of airline passengers

between countries and territories where CHIKV is circulating. The risk would be especially high for countries and territories with large numbers of air

travelers to and from countries and territories with ongoing epidemics. Direct flights from PNG go to Fiji, Solomon Islands, Vanuatu, Australia, the

Philippines, Hong Kong, Malaysia, Singapore, and Japan. From New Caledonia, direct flights go to Japan, South Korea, Australia, Fiji, Wallis Island,

French Polynesia, and New Zealand; from Yap State, flights go to Guam and Palau (Figure 3).

Figure 3

Direct airline routes to Pacific region destinations from Papua New Guinea (Port Moresby), New Caledonia (Noumea), and Yap State,

Federated States of Micronesia.

Documentation on previous CHIKV circulation in the Pacific is scarce, but studies from PNG and Indonesia from the 1970s indicate a seroprevalence

of CHIKV in the population of up to 30% (35,36). These results should be interpreted with caution because of known antigenic cross-reactivity of

arboviruses, including CHIKV; however, these finding indicate that CHIKV could have circulated in the region and that there may be immunity

among some populations.
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Thus, similar to the situation in the Indian Ocean during the devastating chikungunya outbreaks in 2005–2007 (7), the risk of introduction of the virus

to the Pacific region, followed by severe consequences for the area, is high because of virus strain, vector competence, and population mobility. The

human population also likely has little or no immunity, making them susceptible to transmission, but this needs further study. However, differences

between the Indian Ocean and the Pacific, particularly in population density, may decrease the risk of spread.

Lessons Learned from Recent Chikungunya Outbreaks in the Indian Ocean

Chikungunya had not previously been reported in Reunion Island, but during March 2005–April 2007, a total of 266,000 people—about one third of

the population—were infected with CHIKV, and ≈250 people died (7,18). This outbreak resulted in a tremendous burden on the health system,

peaking with >47,000 estimated cases in 1 week (7). The main risk factors for complications and death from CHIKV infection were age >65 years and

preexisting diabetes and cardiovascular diseases (7,37). The economic costs of the epidemic were extreme, in large part because of absenteeism

among both patients and caregivers, and the island economy had to be rescued by the central government of France under a specific crisis funding

mechanism (38). Recurring and chronic joint pain affected one third of patients for 3 months to 1 year, and some case-patients have had these

symptoms even longer (3), so that they are still affecting the health system and the socioeconomic well-being of the island’s population (38,39).

Outbreaks of chikungunya and other diseases can also have a negative effect on tourism (40,41); the tourism industry is therefore a potentially

important stakeholder to engage in prevention work.

The chikungunya outbreak in Reunion Island highlighted the importance of using a multidisciplinary approach to address medical and public health

issues (42). Numerous teams in the arbovirus community rapidly focused their studies on CHIKV. One noticeable initiative was the creation of a

CHIKV task force, comprising virologists, epidemiologists, entomologists, pathologists, immunologists, and clinicians working in Reunion Island

(42,43).

Several lessons were learned from this experience. First and foremost were the limitations of island health care systems, which focus mainly on

primary health care, to cope with so many cases of severe illness (44). The outbreak also emphasized the need for early preparedness to ensure the

following: removal of potential vector-breeding sites; strengthening of vector control teams; efficient case management; adequate surveillance, case

detection, and information and communication strategies; and the development of clear and consistent messages for behavior change campaigns

(44,45).

Recommendations for Preparing for Chikungunya in the Pacific

To meet the need for early preparedness and consistent communication, the PPHSN has adopted an aggressive line of action in information

dissemination. The PPHSN is a voluntary network of countries, territories, and organizations dedicated to the promotion of public health surveillance

and appropriate response to the health emergencies for 22 Pacific Island countries and territories (Figure 2). The network was founded in 1996 under

the auspices of the Secretariat of the Pacific Community and the World Health Organization (21).

The common surveillance system of the PPHSN is the Pacific Syndromic Surveillance System, which was introduced in October 2010 and

implemented during the next 12 months in 20 of 22 Pacific Island countries and territories (46). This functional and timely regional infectious disease

surveillance system tracks 4 core syndromes: acute fever and rash, diarrhea, influenza-like illness, and prolonged fever. Some countries also report the

optional dengue-like illness. The frequency of syndromes is reported weekly to PPHSN partner World Health Organization in Suva, which prompts

the countries and territories that there is an unexpected rise in a syndrome when the threshold of 90% of historically high reports is passed. The

syndromes that would be expected to rise in frequency during dengue or chikungunya outbreaks are acute fever and rash, prolonged fever, and

dengue-like illness (46,47). For confirmation testing of the causative agent of the outbreak, support is provided to Pacific Island countries and

territories through the PPHSN laboratory referral network, LabNet (21).

In November 2012, a message was posted on PacNet relating that CHIKV infection occurred in PNG. In February 2013, a second communication was

posted, relating to a case imported to Australia from PNG, including recommendations to the region (Table 2). The recommendations were derived

through adapting international guidelines on preparedness for chikungunya outbreaks (48–53) to the Pacific setting, on the basis of syndromic

surveillance as the common surveillance system (Table 2) (46,47). After the issuance of these recommendations, the outbreak of CHIKV infection in

Yap State was declared in August 2013 and reported in a timely manner on PacNet and elsewhere (6). The Yap State EpiNet team, the

multidisciplinary national action team of PPHSN (21), has been effectively reporting weekly on PacNet on their efforts to map and control the

outbreak. Regional assistance has been provided in the form of technical discussions and expertise in epidemiology and entomology from PPHSN

partners. Furthermore, the Pacific Outbreak Manual (http://www.spc.int/phs/PPHSN/Surveillance/Syndromic/Pacific_Outbreak_Manual-version1-

2.pdf) is being updated to include specific response guidelines for CHIKV outbreaks. PacNet has previously been shown to be sensitive in terms of

number of messages on regional epidemics or on potential regional threats (21) and has continuously been used to update the region of the

development of all the chikungunya outbreaks in PNG, New Caledonia, and Yap State.
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Table 2

PPHSN recommendations for enhanced surveillance to the PICT in response to the threat of chikungunya outbreaks in the region

Conclusion

CHIKV has reached the Pacific, with current chikungunya outbreaks occurring in PNG, Yap State, and New Caledonia. The threat of further spread is

high. A large chikungunya outbreak in the Pacific would have severe effects on health care systems and public health infrastructure and would

potentially affect general functions of society, as did the epidemic in the Indian Ocean region (7). Learning from previous experience is of the utmost

importance, and governments and leaders in the region need to act in a timely manner and ensure balanced communication campaigns to inform and

update public health professionals of the situation. In a region where many countries and territories struggle to meet International Health Regulation

requirements, the management of the current threat of CHIKV in the Pacific is likely to also have implications for other parts of the world (33).
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